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[57] ~ ABSTRACT

The present invention provides a technique as well as a
system whereby through the use of industrial automa-
tion, windshields and the like can be inserted into a
vehicle which is on a continuously moving conveyor
line without stopping the vehicle. Thus, the vehicle is in
motion on the conveyor during the insertion. The wind-
shield can be automatically centered for robot acquisi-
tion through a unique mechanical device; and, multi-
sensor Information is converted into real-time path
modification signals for robot guidance.

9 Claims, 7 Drawing Figures
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’ |
WINDSHIELD INSERTION SYSTEM FOR A

VEHICLE ON A MOVING CONVEYOR
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘Tis invention is directed to a system for inserting a
component part mto a product which is moving
through an assembly process. More particularly, this
invention provides a robotic system for inserting wind-
shields into a vehicle. The vehicle 1s in motion on a
conveyor during the insertion. The windshield is auto-
matically centered for robot acquisition. Multiple sen-
sor information 1s converted into real time path modifi-
cation signals for robot guidance so that the windshield
can be nserted into the windshield opening of an auto-
mobile which 1s in a somewhat random orientation on a
moving CoOnveyor apparatus.

2. Description of the Prior Art

The general acceptance of industry automation as an
essential requirement for improving productivity has
increased acceptance level of the robot or industrial
manipulator apparatus as a mechanism for achieving
automated industrial applications. The acceptance of
robots as a useful, industrial “tool” has resulted in a
market. demand for robotic systems capable of imple-
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menting what have heretofore been difficult, dangerous |

or tedious tasks.

The automotive industry presents exceptional oppor-
tunities for the use of robots or industrial manipulators

for the purpose of improving productivity and enhanc-
ing quality of the finished product. What were once
routine tasks are now efficiently and effectively being
implemented by robots working side by side with their

30
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human worker counterparts. For example, robots are

now used to apply adhesives and sealing materials to
various component parts of an automobile. Robots are
also used to move heavy component parts and weld the
various component parts of an automobile together as
well as to apply paint to the automobile. Certain tasks,
however, have heretofore not lent themselves to auto-
mation. One example of such a task is the insertion or
decking of windshields into vehicles. Several obvious
factors have prohibited the automation of the decking
process. A high level of accuracy is necessary in order
to place the windshield into the windshield opening of
the vehicle. A slight miscalculation during the decking
process can resuit in both damage to the vehicle and
destruction of the windshield. Additionally, the existing
conveyors which transport the automobile through
various work stations are relatively unstable and tend to
cause a slight change in the precise orientation of the
vehicle mounted thereon. Moreover, typically the
nearly complete vehicle into which the windshield is to
be inserted 1s positioned on the conveyor apparatus in
such a way as not to permit the exact location of the
windshield opening to be consistently known. In other
words, there is a certain level of random orientation of
the vehicle on the assembly line during the stage in
which the windshield is to be inserted. As a result, the
decking operation has heretofore been accomplished
through the use of two or more workmen engaging a
windshield with hand-held lifting equipment and walk-
Ing across the assembly line so that one worker is along
each side of the vehicle and manually inserting the
windshield into the vehicle windshield opening. This
technique has the advantage of precision windshield
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placement, while permitting the existing conveyor sys-
tem to continuously transport the vehicle through the
decking station. During this process, workmen on either
side of the vehicle walk along side the vehicle as it
passes through the windshield insertion station while
they insert the windshield into the windshield opening.

In order to effect the automated insertion of a compo-
nent part ito a product, 1t is necessary to initially know
the exact orientation and location of the product. With
this information, the orientation of a component part
can be established and once acquired by an industrial
manipulator, the insertion of the component part into
the product can be easily and quickly accomplished.
However, when a moving conveyor apparatus is used
to transport the product to the work station in which
the component insertion is to take place, it has hereto-
fore been necessary to either have precise orientation of
the product on the conveyor or to simply stop the con-
veyor for the length of time necessary for the robot to
effect the insertion process. Obviously then, if either the
orientation of the product is unknown or if the product
15 subject to somewhat random moves during the con-
veyance procedure, the msertion of the component part
into that product would be very difficult.

A system has been designed incorporating an indus-
trial manipulator using the Unimation Incorporated
VAL II controller with alter port. The alter port was
used 1n conveyor tracking in order to track a car being
transported down an assembly line on a first conveyor.
The industrial manipulator, tracking with the car,
picked up part of a car body and moved it from the first
conveyor to a second overhead conveyor. While the
car was tracked and picked up by a robot and put on the
next conveyor through the use of the alter port, any
minor differentiation in the positioning of the car body
on the first conveyor with respect to the robot was
compensated for by a degree of comphiancy in the grip-
per which was used to pick up the car. This system
knew the general location of the car on the conveyor
and depended upon the compliance of the gripper to
engage the car for transport to the second conveyor.

- This system utilized strictly the tracking of the con-

veyor with no attempt to identify the exact location of
the car disposed thereupon.

It 1s an object of this invention to provide a system
which 1s capable of tracking a moving object in all
coordinate systems. The component 1s moving up and
down and it is shifting from side to side due to the mo-
tion of the conveyor apparatus used to transport the car
body.

It 1s another object of the present invention to pro-
vide a technique whereby a component part can be
inserted into a product having a relatively unknown or
unstable orientation on a moving conveyor apparatus.

It 1s a further object of the present invention to pro-
vide an automated system for the insertion of a wind-
shield into a moving vehicle.

It 1s yet another object of the present invention to
provide an automated system wherein a multi-sensor
processor provides simultaneous sensor information for
conversion into real time path modification signals for

robot guidance. |
It 1s still another object of the present invention to

provide a windshield insertion system for a moving
vehicle which can readily be incorporated with existing
conveyor systems In automotive plants.
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It is yet again another object of this invention to
provide in combination with existing conveyors which
continuously transport vehicles without stopping at the
insertion stations, a windshield insertion system f{or
inserting windshields into a continuously moving vehi-
cle on a conveyor hne.

It is another object of this invention to provide a
system which can be used to insert various component

parts into a product apparatus such as, for example,
back lights and quarter windows, as well as other as-
sembly line parts, into an automobile being transported
on a moving conveyor line.

[t is another object of this invention to provide a
system which is not sensor technology dependent and
which can function with various types of robots or
automated systems and 1s insensitive to car or product

position and orientation due to of the extensive use of

SENSOTIS.

SUMMARY OF THE INVENTION

- The present invention provides a technique as well as

a system whereby through the use of industrial automa-
tion, windshields and the like can be inserted into a
vehicle which is on a continuously moving conveyor
line without stopping the conveyor line. Thus, the vehi-
cle is in motion as it passes on the conveyor through a
work station during the insertion process. The wind-
shield can be automatically centered for robot acquisi-
tion through a unique mechanical device; and, multi-
sensor information is converted into real-time path
modification signals for robot guidance.

More particularly, the present invention is a system
for inserting a windshield into the windshield opening
of an automobile which is disposed in a somewhat ran-
dom orientation on a conveyance means for the trans-
portation of the automobile through one or more assem-

‘bly stations. The invention provides an industrial ma-
~nipulator means which defines a work envelope
- .through which the conveyance means transports the

- automobile. This industrial manipulator includes a con-

- trol means for the programmed movement of the indus-
trial manipulator through a predetermined routine for
the acquisition and delivery of a windshield from a first

location to a predetermined location proximate the area

of insertion of that windshield. The industrial manipula-
tor controller means includes the capability of accept-
ing real-time data for the modification of the predeter-
mined routine. The industrial manipulator includes an
end effector which retrieves a windshield from the first
windshield depository location and is capable of effect-
ing the insertion of the retrieved windshield into the
windshield opening. This industrial manipulator is capa-
ble of movements through coordinates defined by X, Y,
Z axes and rotations about these axes in the work enve-
- lope. The system further includes means for generating
a first signal indicating that an automobile has entered
the work envelope of the industrial manipulator. Means
are in communication with the conveyance system for
generating a second signal which is indicative of the
travel of the conveyance means through the work enve-
lope. This second means is in communication with a
central processing unit and the robot controller is inevi-
tably responsive to the central processing unit whereby
the travel of the automobile in the X axis is monitored
and movement of the industrial manipulator along the X
axis of the envelope is coordinated with the movement
of the conveyor means through the work envelope. A
third means for generating a third signal indicative of at
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least the gross position of the automobile with respect to

the Y axis of the work envelope is provided in a com-
munication with the central processing unit. Accord-
ingly, this third means is responsive to the location of
the automobile with respect to the Y axis of the work
envelope so that movement and positioning of the n-

dustrial manipulator along the Y axis is coordinated. A
fourth means for generating a fourth signal indicative of

at least the gross position of the automobile with respect
to the Z axis of the work envelope is also provided. The
central processing unit is responsive to this fourth signal
and in combination with the aforementioned first, sec-
ond and third signals provides an output to the alter
port of a robot controller to affect the final trajectory of
the industrial manipulator. This fourth signal identifies
the location of the automobile with respect to the Z axis
of the work envelope. Finally, sensor means are opera-
tively associated with the end effector of the industrial
manipulator for finally, accurately locating the wind-
shield opening for the insertion of the windshield there-
into. This sensor means preferably comprises robot
mounted cameras which accurately locate the car win-
dow opening and the vision controller communicates
data to the robot through the multi-sensor processor for
the insertion of the windshield into the car window

opening. |
BRIEF DESCRIPTION OF THE DRAWINGS

The above as well as other features and advantages of
the present invention can be readily appreciated
through consideration of the detailed description of the
invention in conjunction with the accompanying draw-
ings in which: | |

FIG. 1 is a schematic plan view of a windshield inser-
tion system for a moving vehicle all according to the
teachings of this invention;

FIG. 2 is an isometric view of an orthogonal axis
manipulator system which is used in the preferred em-
bodiment of this invention; - |

FIG. 3 is an isometric view of a flip-over and center
apparatus which presents and orients the windshield in
the preferred embodiment of this invention; |

FIG. 4 is a block diagram representing the system
architecture of the present invention;

FIG. 5 is a flow diagram illustrating the several steps
involved in the main sequence of the operation of the
windshield insertion system of this invention;

FIG. 6 is a flow diagram representing the “do msert™
procedures all according to this invention; and

FIG. 7 is a flow diagram representing to “do track-
ing”’ process all according to the teachings of this inven-
tion. |

DETAILED DESCRIPTION OF THE
' INVENTION '

The present invention teaches a windshield insertion
system for a moving vehicle. While the specific applica-
tion of the concepts disclosed herein are dedicated to
the insertion or decking of a windshield into the wind-
shield opening in an automobile on an assembly line, 1t
should be readily appreciated that these concepts an be
adapted for use in any type of assembly process in
which a component part is being inserted into a product
and that product is being conveyed through an assem-
bly area by means of a conveyor or the hke. Thus,
through the use of the concepts of this invention and the
specific elements of the system described herein, a prod-
uct being conveyed on an assembly in a somewhat ran-
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dom orientation and subjected to changes in orientation

‘due to the nature of the assembly line conveyor itself

can be the object for the automated insertion of a com-
ponent part thereinto. |

A rather schematic plan view of a windshield inser-
tion system station can be seen in FIG. 1 and is gener-

‘ally indicated by the reference character 11 and in-
cludes several major components. Among these compo-

nents are the industrial manipulator 13, a centering
mechanism 14, a robot controller 17, a multi-sensor
processor 19 and a vision controller 21. Each of these
individual elements will be described in detail hereinaf-
ter. The schematic representation also illustrates a con-
veyor means 23 adjacent the industrial manipulator 13.
The conveyance means 1s typically an existing con-
veyor within the automotive plant. One of the unique
advantages of the present invention resides in the fact
that conveyor belt modifications are not required. Ac-

~cordingly, with this windshield insertion system, the

vehicle itself does not have to be stopped while the
windshield is being inserted. In other words, the con-

veyor 23 continuously transports vehicles 25 into and

through the work envelope 27 of the industrial manipu-
lator 13. It should be appreciated that the vehicle 25

which is deposited on the conveyor 23 at a previous
work station 1s not situated precisely on that conveyor.
In other words, the actual orientation of a vehicle with
respect to the conveyor may vary along coordinates
defined by the X, Y or Z axes of the work envelope 27

of the industrial manipulator. Because of this somewhat
random orientation, tt i1s heretofore been impossible to
~ affect the decking operation on a vehicle through the

use of a robot without first stopping the conveyor and
insuring that the vehicle 1s positioned according to pre-
determined requirements as established by the program
of the robot being used to effect the decking operation.

A system incorporating the teachings of this inven-
tion has been designed and constructed with a Unima-
tion 6000 Series gantry robot. U.S. patent Ser. No.

4,571,149 entitled “General Purpose Orthogonal Axes
Manipulator System” by Daniel P. Soroka et al., U.S.
- Pat. No. 4,571,149, issued Feb. 18, 1986, which is as-

signed to the assignee of the present invention, discloses
this overhead gantry-style robot. This robot is charac-
terized by a large rectangular working envelope which

extends to both sides and both ends of the gantry. This

robot permits programming in Cartesian coordinates as
contrasted with the more complicated polar coordi-
nates. This gantry robot design provides a rigid manipu-
lator that can support machine tool-type interpolation
moves with high accuracy and repeatability while per-
mitting robotic-type velocity and dexterity.

Turning now to FIG. 2, there is pictorially illustrated
a Untmate 6000 Series industrial manipulator 13 com-
prising three orthogonal axes assemblies consisting of
the X axes assembly, the Y axes assembly, and Z axes
assembly. A multi-axis rotary wrist mechanism W is
mechanically secured to the Z axes assembly to accom-

‘modate an end effector T which 1s particularly designed

for use in acquiring and inserting a windshield. The
preferred wrist for use in the present system is described
in U.S. patent application Ser. No. 605,495, filed Apr.
30, 1984, now abandoned, which 1s entitled “An Im-
proved Robotic Wrist” and which is assigned to the
assignee of the present invention and incorporated
herein by reference. This modular robotic wrist system
for industrial manipulators comprises a mounting
bracket and an A axis module providing rotational
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movement about a first axis and a B axis module to
provide either rotational movement which can be either
independent or correlated with the first axes movement
about a second axis. A tool mounting flange for use with
the B axis module provides rotational movement of an
end effector about the second axis. Each modular unit
has a rotating member driven by a high speed, low
torque DC motor coupled to a harmonic drive unit and
may have a position/signal feedback mechanism.

The operative combination of the X, Y, and Z axes
assembly 1s supported in a gantry-type configuration by
the vertical support members SM which are secured to
the floor F of the work facility. A robot control system
CS 1s provided for use in combination with the afore-
described Unimation Series 6000 robot. The ideal con-
trol system for this invention is the Unimation Incorpo-
rated VAL II which uses a high level, highly structured
computer language based on intuitive English com-
mands which are easy to learn, use and execute. Most
importantly, however, the VAL II control system pro-
vides an alter port. The alter port on the robot control-
ler permits the introduction of incremental changes to
the position of the robot. With the alter port, a modifi-
cation to the program trajectory of the robot can be
introduced every 28 milliseconds. Data which is gener-
ated by a multiphicity of sensors which will be discussed
below is integrated by the multi-sensor processor 19
which provides a signal to the alter port of the VAL 11
controller every 28 milliseconds. Thus, the system of
this tnvention incorporates real time tracking and posi-
tioning of the industrial manipulator through the inte-
gration of sensor obtained information.

- The orthogonal axis machine tool-type configuration
of the X, Y and Z axis assemblies elevated in the gantry
configuration results in an optimized working envelope
corresponding to a generally rectangular volume work
zone. This gantry configuration of the orthogonal axis
manipulator 13 significantly reduces the number of
wrist articulations required to implement the desired

- work process and further reduces requirements for
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auxiliary devices. Pulse width modulated drive for the
closed loop DC servo motor arrangements of each axis
assembly 1s provided through the use of conventional
dnive circuitry located in the drive cabinet DS. The
direct coupled DC servo motor arrangement includes a
motor tachometer package and a resolver. The tachom-
eter provides speed feedback information to the control
console CS while the resolver supplies the control con-
sole CS with position feedback information directly
from the drive motor. This provides a highly stable

SErvo response. |
The X axis assembly consists of a closed cell type of

construction which minimizes the torsional deflection

of the X axis carriage 22 as it travels along the X axis
guidance system, thereby providing desired system
accuracy and repeatability. The dual rail way system
which is supported by the members SM mounted on
factory floor F, further assures a smooth, low friction
travel of the X axis carriage 22 in response to the closed
loop DC servo control. The X axis carriage 22 is cou-
pled to the guide rails 23 and 25 by the linear bearings
which are preloaded and sealed in housings to protect
the bearings from the dirt.

The mechanical drive for the X axis assembly is a
rack and pinion mechanism which is direct coupled to
the DC servo motor/tachometer package 26. The direct
coupling of the drive motors of the axis assemblies
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through low backlash drive elements minimizes lost
motion. | |
The cabling for the manipulator system 13 extends
from the junction box 36 at the end of the X axis struc-
ture and continues through the flexible cable carrier 37
to a junction box 39 on the movable axis carriage 22.

The Y axis assembly functions as an arm extending
perpendicularly from the X axis assembly 20. It includes
a Y axis support member 41 and a double rail way ar-

rangement comprising guide rails 42 and 44 to minimize
the stress and rotational deflections during the Y axis
travel of the Y axis carriage 46 as well as during the
positioning of the Z axis assembly within the work
envelope 27. The guide rails 42 and 44 are protected by
bellows covers 43. The DC servo drive for the Y axis
assembly which is similar to that for the X axis assem-
bly, includes a drive motor/tachometer package 51,
gear box resolver package and a hardware hmit switch
package which provides end of travel and home loca-
tion limits as backups to the storage software limit
switches. |

The vertical Z axis assembly employs a ball-screw
mechanical mechanism. |

A rotary index unit 90 increases the working enve-
lope of the manipulator system 13. The unit 90 1s located
at the interface of the X axis carriage 22 and the Y axis
assembly to enable the Y axis assembly to be horizon-
tally rotated 180° at the end of travel of the X axis
carriage since the return travel of the X axis carriage 22
permits servicing of a second rectangular volume work
- zone on the opposite side of the X axis assembly as
- shown in FIGS. 1 and 2. This unique feature of the
Unimate Series 6000 gantry robot permits the Y axis
arm to position the Z axis disposed manipulator on first
one side of the gantry support structure SM for the
acquisition of a windshield and then to convey the ac-
quired windshield depending from the Y arm to the

.. opposite side of the gantry support structure SM 1n

order to position that windshield for insertion into the

. windshield opening of the vehicle.

Considering both FIGS. 1 and 3, a centering mecha-

 nism indicated at 14 is shown in plan view in FIG. 3 and

schematically in FIG. 1. The centering mechanism ac-
tually includes a centering device 29 and a flip-over
mechanism 15 for transferring the windshield W from a
transfer station 31 to the centering device 29. Typically,
the transfer station will provide a receptacle wherein
one or more windshields is initially delivered to the
windshield insertion station by means of a conveyor or
through the use of another industrial manipulator or
‘through manual manipulation of the windshield. The
centering device includes a plurality of cam-actuated 85
support arms 87 and four windshield support mounts 89
which provide a rotating ball support 91 on which the
windshield is deposited. With the windshield W so de-
posited, the cam-actuated arms 87 engage the four sides
of the windshield and urge the windshield into a cen-
tered position with respect to the centering device 29.
The flip-over mechanism 13 includes a flip-over arm 93
which is actuated by a motor contained in the flip-over
mechanism and rotated about an axis 95. At the canti-
levered portion of the arm 93, a windshield engaging
mechanism including four vacuum-actuated end effec-
tors 97 acquires a windshield and retrieves that wind-
shield from the transfer station 85. The rotation of the
flip-over arm 93 about the axis 95 places the windshield
in a position for acquisition by the end effectors of the
6000 series industrial manipulator. The flip-over arm
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having transferred the windshield from the transfer
station 31 to the centering device 29 remains disposed
below the windshield until the windshield 1s actually
acquired by the 6000 series robot. With the windshield
resting on the rotating supports 91 of the support
mounts 89, the cam-actuated arms 87 eventually engage

‘all four sides of the windshield and urge the windshield

into a preestablished centered position. Appropriate
sensor means can be provided on the centering device

for determining whether or not the windshield has been
properly centered and if any damage has been done to
the windshield during the flip-over transfer. Once the
windshield has been acquired by the Series 6000 robot,
and another windshield delivered to the transfer station
31, the flip-over arm can be rotated back from the cen-
tering device to the transfer station. A more detailed
description of the centering device, the flip-over mech-
anism and the transfer station can be had through a
consideration of co-pending patent application Ser. No.
795,686, filed Nov. 6, 1985, entitled “Robotic Part Pre-
sentation Station” by R. S. Antoszewski, which is as-
signed to the assignee of the present invention.
Considering FIG. 4, there is shown a block diagram
representing the VAL II controller, the various sensor
means by which information is collected and the central
processing unit whereby a simultaneous sensor informa-
tion for conversion into real-time path. modification
signals for robot guidance is effected. The VAL 11
controller is designated by block 101 and shows the
alter port at 103 as well as the parallel input ports 105.
The cell interface controller at 107 1s a central process-

~ ing unit which receives multi-sensor inputs to provide
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simultaneous sensor information for conversion into
real time path modification signals for robot guidance
through the line 109 to the alter port 103 of the VAL 11
controller. The A-post trigger 111 is a means for gener-
ating a first signal indicating that the automobile has
entered the work envelope of the industrial manipula-
tor. The activation of the A-post trigger indicates that
an automobile on the conveyor has reached a certain
point within the work envelope and that the tracking of
the automobile should be initiated. A second means, a
conveyor encoder 113 is in communication with the
central processing unit 107 through counter 115 and
custom interface 117 to parallel port 119. The encoder
113 is in communication with the conveyance apparatus
and generates a second signal indicative of the travel of
that conveyance means through the work envelope.
This signal establishes the travel distance of the con-
veyor through the work envelope after triggering of the
A-post. The second signal is indicative therefore of the
travel of the automobile in the X axis of the work enve-
lope. A third signal is generated by a third means, the
ultrasonic range detectors 121 which is indicative of at
least the gross position of the automobile on the con-
veyor with respect to the Y axis of the work envelope.
This information is conveyed to a serial port 123 of the
central processing unit 107. A fourth means comprising
another set of ultrasonic range detectors 125 generates a
fourth signal indicative of at least the gross position of
the automobile on the conveyor with respect to the Z
axis of the work envelope. This information is conveyed
to the serial port 127 of the cell interface controller 107.
In the actual embodiment of the windshield insertion
system of this invention B-SCAN ultrasonic proximity

sensors from Amerace Corporation have been success-

fully employed. Sensor means are also operatively asso-
ciated with the end effector mounted on the Unimate
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Series 6000. In the preferred embodiment a vision sys-
tem generally indicated at 129 incorporates three cam-
eras 131, 133 and 135 with an Autoflex Inc. vision sys-
‘tem 137 to provide a final indication of the accurate
location and placement of the windshield opening for
the insertion of the windshield thereinto. These sensor
means generate a fifth signal which is provided to the
serial input 138 of the cell interface controller 107.
Debug/tty Auxiliary 141 1s the operator’s console
and diagnostic terminal. It provides a mechanism for
the operator to monitor the operation of the system.
However, 1t is not required for normal operation. Its
secondary purpose is for use as a diagnostic and debug
control console. Through the terminal a service person
has the ability to monitor and control the operation of
sensor systems. By manipulating certain parameters
and/or monitoring special status flags problems with
the system can be easily and quickly identified and cor-
rected. The third and final use of this device is as an aide
in initial start-up of the system. Certain parameters
- which describe important characteristics of the work
cell and which are unique to each work cell, must be
entered into the sensor controller. This 1s done via this
termmnal by involving and using the setup mode. Once
accomplished, the parameters are stored in non-volatile
RAM memory. The Allen-Bradley PL.C 143 is a device
which is used by the operator to monitor the activity of
the entire decking operation. This invention provides

signals to the PLC and monitors signals from the PLC.
The signals are used to report status and to coordinate

the operation of the entire decking operation. The Uni-
dex Rotary 145 controls the rotation of the Y axis about
the X axis. It receives commands from the VAL II
controller concerning when and where to place the Y
axis. It then selects the appropriate program to execute
and signals the robot controller when the task i1s com-
plete. The interface 147 converts the different voltage
and current levels of the parallel 1/0 signals into a
voltage and current compatible to the cell interface
controller 107 which provides a multi-sensor input pro-
cessor for the simultaneous processing of sensor infor-
mation for conversion into real-time path modification
signals for robot guidance via the alter port of the VAL
I1 controller 101.

Turning now to FIGS. §, 6 and 7, a series of flow
diagrams represent the program by which the wind-
shield 1s first acquired and then positioned for insertion
Into an automobile on a moving conveyor line. In FIG.
5, the main sequence is shown in flow diagram. It is
initially determined if the robot is ready for the insertion
operation 201. If the robot is not ready, the insertion
process will proceed no further until an indication sig-
nal 1s received at the controller. ‘Robot ready’ indicates
that a windshield has been acquired by the end effector

of the Series 6000 robot and that the robot is ready to.

position the windshield in the ‘pounce position’ 203.
The ‘pounce position’ is the position which the robot
takes over the assembly line with the windshield in the
gripper ready for the car to pass below it so that the
windshield can be inserted thereinto. Again, the process
waits in that loop until the robot is at the ‘pounce posi-
tion’ 203. The next decision point is the ‘A-post trigger’
205. When the A-post trigger is activated, the car has
reached a predetermined point on the conveyor and the
tracking process 1s initiated. Thus, through the tracking
process, the robot ultimately moves to the sensor posi-
tion whereby the vision means can acquire the opening
-in the automobile for the windshield. Once the robot is
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in the ‘pounce position’ 203 and the A-post trigger has
been activated 205, the subroutine *“‘do insert” 207 is
imitiated. Upon completion of the ““do insert” subroutine
the program recycles to the ‘robot pounce’ 203.
Turming now to FIG. 6, the **do insert” subroutine
207 shown in the diagram on FIG. 5 is described in
detail. The first event in the “‘do insert” subroutine is the
establishing of communications with the robot on the
alter port of the VAL II controller shown in FIG. 4.
This event 1s shown in block 209. The alter port on the
robot allows the incremental change to the position of
the robot with every VAL *tic”. A VAL *“tic” occurs
every 28 milliseconds. The ‘allow alter start robot’ 209
initiates the robot’s movement toward the first position
at which it will take a picture. At the same time, the
subroutine “do tracking” 211 is initiated in which the
cars movement on the assembly line is tracked. This
subroutine will be described in detail in conjunction
with FIG. 7. The second sensor means or door ultra-
sonic which 1s located near the A-post trigger is initi-
ated. "Door ultrasonic’ at 213 provides a gross position
of the car with respect to the robot’s Y coordinate. This
information is taken and stored at 215 for future use in
the tracking operation. Next, there is a decision point in
which the robot has reached the picture taking point at
215. The answer to this question initially is always going
to be no. Since if the robot has not reached the ‘take
picture one’ position, the routine goes back to ‘“do
tracking™ at 217. At that time, the door ultrasonic is
factored in so that a gross move to a position wherein
the robot end effector 1s within the bounds of the vision
system 1s made immediately. Upon effectively complet-
ing the ‘take picture one’ step 215 it is known that the
robot end effector 1s a predetermined distance from the
automobile. Once ‘picture one’ 215 1s completed, the
fourth sensing means is activated at the ‘do roof ultra-
sonic’ 219. This fourth sensing means or roof uitrasonic
provides a gross indication of where the automobile lies

‘with respect to the Z plane of the robot. That is to say,

how high the automobile is off the assembly line. This
information is then stored at 221 for later use in tracking
and at the same time the reguest that picture one be
taken as initiated at 223. The program remains in that
loop until it 1s established that the vision system has
provided the first picture for processing in the central
processing unit. During operations, the first picture
takes roughly 4 to 5 seconds. Thus, the tracking is con-
tinued while awatting picture one at 225. Once the sig-
nal has been generated from the vision processor that
the information 1s available, the information is passed to
the central processing unit and is also stored for track-
ing at 229. The robot is then moved to a corrected
position to ‘take picture two’ at 231. ‘Take picture two’
at 231 i1s completely dependent upon the information
that was gathered by the two ultrasonic tests at 213 and
223 and the first picture that was taken by the vision
system at 225. This information 1s now stored in the
tracking system and the tracking system is positioning
the robot to what would appear to be the insert position.
The ‘take picture two’-at 231 step provides an added
measure of safety. If one could assume 100% vision
system reliability, one could move directly from the
‘picture one ready’ 225 to the insertion of the wind-
shield. However, the ‘take picture two’ 231 insures that
the automobile did not move with respect to the assem-
bly line due to the motion of the assembly line. The
same procedure occurs with the request of picture two
that occurred with the request of picture one in that the
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do tracking subroutine continues to occur. With the
information from the second picture 231 as well as the
“do tracking™ subroutine at 233, if the car has drifted
slightly or moved slightly, small incremental changes
can be initiated in the position of the robot so that the
windshield is properly ahigned for insertion. Thus, once
the request for picture two at 235 is completed and 1t is
established that picture two is ready at 237, the informa-
tion is stored at 239 for tracking. As indicated above, if
picture two is not ready, the *do tracking subroutine”™
241 continues.
~ At this point, the program requests that the robot
effect insertion of the windshield at 245.

Having positioned the robot through the processing
of the multi-sensor information by the central process-
ing unit through the alter port of the VAL II controller,
a decision point is reached concerning the insertion of
the windshield. If it is determined that the windshield
can be inserted, the program moves to block 247 in
which ‘request insert’ is initiated. ‘Request insert’ 247 1s
a subroutine which is resident within the robot and 1s a
fixed move from the predetermined position of the
robot with respect to the automobile which 1s estab-
lished through the tracking process whereby the wind-
shield can be directly inserted into the windshield frame
of the automobile. After this fixed move 1s completed,
the sensors in the gripper provide feedback to the robot
indicating whether or not the insertion is completed at

- 249, If the insertion 1s completed as established through

feedback from sensors located in the end effector of the
robot gripper, the command is given at 251 to untrack-
ing. If the insertion is not completed, the command to
do tracking is provided as at 253. If the windshield has
been successfully completed and the end tracking com-
mand has been initiated at 251, the next command at
255, the robot program is then returned to the main
sequence 255.

The subroutine ‘“do tracking” is shown in FIG. 7. In
. this subroutine, block 261 indicates the program com-

~.-~mand to read the encoder buffer. The encoder is on the

conveyor apparatus itself and is counting 1n terms of
incremental pulses the rate of travel of the conveyor
along the X axis of the industrial manipulator. The en-
coder indicates how far the conveyor has moved since
the A-post was triggered. In the do tracking subroutine,
the encoder buffer is read to see how far the conveyor
has moved during any given time period. From that, an
offset can be generated which indicates that the robot
has to be repositioned with respect to the X axis in order

to maintain a fixed distance between the end effector

and the automobile. This offset is represented at block
263. At the same time, other data is being reviewed such
as whether or not the door ultrasonic at 265 has been
completed. If the door ultrasonic has been completed,
the next decision point is whether the roof ultrasonic at
267 has been completed. Assuming both the door ultra-
sonic and roof ultrasonic have been done, the next deci-
sion point 1s whether picture one has been completed at
269. Assuming picture one has been completed, the
program establishes whether the second picture has
been taken at 271. If both the roof and door ultrasonic as
well as picture one and picture two have been com-
- pleted, the offset is transmitted to the robot alter port at
273. Assuming that the offset is successfully transmitted
to the robot alter port at 273, the subroutine returns to
the step indicated in the tracking program shown In
FIG. 6 at block 275. From time to time situations will
arise in which one of the sensor means has not provided
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the appropriate sensor signal. For example, the full
ultrasonic at 265 may not have been completed at which
point another decision will be raised as to whether or
not data is available at 277. If the data 1s available, the
data will be used to integrate an offset at 279. If the data
is not available, the last offset will be transmitted at
block 273. If the data is available, the data will be ana-
lyzed to determine whether or not it is consistent and
within a predetermined parameter at 279. Similarly, if
this roof ultrasonic at 277 1s not done, the decision point
as to whether or not data available will be addressed at
281. If the data is not present, the previously stored
tracking information will be evaluated and transmitted
to the alter port. If the data is available, the offset will
be integrated at 283 and transmitted to the alter port.

- Here again, at 285, a test is made to determine whether

20

or not the data is consistent within the predetermined
parameters. At block 269 if picture one is not done, it 1s
determined whether or not data is available at block
287. If the data is not available, the offset information is

~ transmitted directly to the robot through the alter port.

25

30

35

40

45

50

335

60

65

Here again, if the data is available, 1t 1s established
whether or not at 289 that data is consistent with known
parameters. If it turns that that data is also consistent
with the known parameters, the program integrates and
offset at 291 for transmission to the alter port of the
robot controller. Finally, in reviewing picture two, if
picture two is not done, it is established whether or not
data is available at 293. Again, if data is available, 1t 1s

established as to whether or not that data 1s consistent

with known parameters at 295 and if it falls within
known parameters, an offset is integrated at 297. This
offset 1s then transmitted to the robot alter port at block
273. 1t is of course possible to include within this pro-
gram the option to abort the insertion process should
any of the sensors indicate that the windshield being
supported by the end effector is grossly out of position
with respect to the moving automobile. The robot
would then return to the pounce position and await the
next A-post trigger signal indicating that a automobile
on the assembly line has entered the work envelope of
the robot. |

It should be appreciated that when offset information
is transmitted to the robot through the alter port, the
robot is only capable of a maximum degree of incremen- -
tal change per any time period. The robot can only
move so far in the 28 milliseconds between inputs to the
alter port. Accordingly, the tracking information is
stored as at block 221 and that information 1s continu-
ally provided to the robot controller until such time as
the incremental changes in the robot’s position have
properly aligned the end effector with the predeter-
mined position prior to windwhield insertion. |

What has been described is a system comprising a
plurality of sensors and an industrial manipulator capa-
ble of the insertion of a component into a product tra-
versing the work envelope of the robot on a conveyor
line or the like. The product being transported on the
conveyor line is being tracked in the X, Y and Z coordi-
nate systems of the industrial manipulator. In other
words, a moving object is being tracked in all dimen-
$10nS.

What is claimed is:

1. A work station for inserting a windshield into the
windshield opening of an automobile which 1s disposed
in a somewhat random orientation on a conveyance
means for continuous transportation through one or

- more work stations comprising:
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an industrial manipulator means defining a work en-
velope through which the conveyance means
transports the automobile and within which enve-
lope said industrial manipulator is capable of move-
ment through coordinates defined by X, Yand Z 5

~axes and rotation about said axes, said industrial
manipulator including controller means pro-
grammed for movement through a predetermined
routine for the retrieval and delivery of the wind-
shield from a storage location to a first predeter- 10
mined location within the work envelope, said
controller means including means for introducing
real-time mncremental changes thereto, said indus-
trial manipulator further including end effector
means for acquiring the windshield from the stor- 15
age location and inserting the acquired windshield
into the windshield opening of the automobile;

first means for generating a first signal indicating that
the automobile on the conveyance means has en-
tered the work envelope of said industrial manipu- 20
lator;

second means in communication with the robot con-

- troller for generating a second signal representa-
tive of the travel of said conveyance means
through the work envelope, said robot controller 25
being responsive to said second signal whereby the
travel of the automobile relative to the X axis is
monitored and movement of the industrial manipu-
lator along the X axis of the envelope i1s coordi-
nated: | 30

third means for generating a third signal indicative of
at least the gross position of the automobile with
respect to the Y axis of the work envelope, said
robot controller being responsive to said third sig-
nal whereby the location of the automobile with 35
respect to the Y axis is monitored and positioning
of the industrial manipulator along the Y axis is
coordimated;

fourth means for generating a fourth signal indicative
of at least the gross position of the automobile with 40
respect to the Z axis of the work envelope, said
robot control being responsive to said fourth signal
wherein the location of the automobile with re-

- spect to the Z axis is monitored and positioning of
the industrial manipulator along the Z axis is coor- 45
dinated thereby;

fifth means operatively associated with the end effec-
tor of said industrial manipulator for accurately
locating the windshield opening for the msertion of
the windshield thereinto, said fifth means generat- 50
‘ing a fifth signal; and

computer means responsive to at least said second,
third, fourth and fifth signals and programmed to
provide an mput to said controlier means including
means for introducing real time incremental 55
changes thereto, wherein said controller means

-effects the positioning of said industrial manipula-
tor from said first predetermined location within
the work envelope to a second location within the

- work envelope, said second location being a prede- 60
termined position of said industrial manipulator
with respect to the automobile as a result of said
second, third, fourth and fifth signals and which
positions the acquired windshield in a predeter-
mined spaced relationship with respect to the 65
windshield opening regardless of the orientation of
the automobile, said predetermined relationship
being such that said industrial manipulator with the
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acquired windshieid is spaced In a non-contact
relationship with the windshield opening and the
automobile wherein insertion of the windshield is
effected by said controller means programmed for
movement through a predetermined routine be-
tween said second location and the windshield
opening of the automobile.

2. The work station for inserting a windshield into the
windshield opening of an automobile according to
claim 1 wherein the third means for generating a third
signal indicative of at least the gross position of the
automobile with respect to the Y axis of the work enve-
lope 1s an ultrasonic sensor means. -

3. The work station for inserting a windshield into the
windshield opening of an automobile according to
claim 1 wherein the fourth means for generating a
fourth signal indicative of at least the gross position of
the automobile with respect to the Z axis of the work
envelope 1s an ultrasonic sensor means.

4. The work station for inserting a windshield into the
windshield opening of an automobile according to
claim 1 wherein the fifth means operatively associated
with the end effector of the industrial manipulator for
locating the windshield opening of the automobile com-
prises a vision system including cameras. |

5. A work station for inserting a component part into
an apparatus which is disposed in a somewhat random
orientation on a conveyance means for continuous
transportation through one or more work stations com-
prising:

an industrial manipulator means defining a work en-

velope through which the conveyance means
transports the automobile and within which enve-
lope said industrial manipulator is capable of move-
ment through coordinates defined by X, Y and Z
axes and rotation about said axes, said industrial
manipulator including controller means pro-
grammed for movement through a predetermined
routine for the retrieval and delhivery of the compo-
nent part from a storage location to a first predeter-
-mined location within the work envelope, said
controller means including means for introducing
real-time incremental changes thereto, said indus-
trial manipulator further including end effector
- means for acquiring the component part from the
storage location and nserting the acquired compo-
nent prt into the component part opening of the
- apparatus;

first means for generating a first signal indicating that
the automobile on the conveyance means has en-
tered the work envelope of said industrial manipu-
lator; B

second means in communication with the robot con-
troller for generating a second signal representa-
tive of the travel of said conveyance means
through the work envelope, said robot controller
being responsive to said second signal whereby the
travel of the apparatus relative to the X axis 1s
monitored and movement of the industrial manipu-
lator along the X axis of the envelope is coordi-
nated;

third means for generating a third signal indicative of

at least the gross position of the automobile with
respect to the Y axis of the work envelope, said
robot controller being responsive to said third sig-
nal whereby the location of the apparatus with
respect to the Y axis i1s monitored and positioning
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of the industrial manipulator along the Y axis 1s
coordinated;

fourth means for generating a fourth signal indicative
of at least the gross position of the apparatus with
respect to the Z axis of the work envelope, said 5
robot control being responstve to said fourth signal
wherein the location of the automobile with re-
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lope, said controller means including means for
introducing real-time incremental changes thereto,
said industrial manipulator further including end
effector means for acquiring the windshield from
the storage location and inserting the acquired
windshield into the windshield opening of the auto-
mobile;

spect to the Z axis is monitored and positioning of first means for generating a first signal indicating that

the industrial manipulator along the Z axis 1s coor-

dinated thereby; 10
fifth means operatively associated with the end effec-

the automobile on the conveyance means has en-
tered the work envelope of said industrial manipu-
lator;

tor of said industrial manipulator for accurately encoder means in communication with the robot

locating the component part opening for the inser-
tion of the component part thereinto, said fifth
means generating a fifth signal; and 15
computer means responsive to at least said second,
third, fourth and fifth signals and programmed to
provide an input to said controller means mcluding
means for introducing real time incremental
changes thereto, wherein said controlier means 20
effects the positioning of said industrial manipula-
tor from said first predetermined location within
the work envelope to a second location within the
work envelope, said second location being a prede-
termined position of said industrial mampulator 25
with respect to the component part as a result of
said second, third, fourth and fifth signals and
which positions the acquired component part in a
predetermined spaced relationship with respect to
the component part regardless of the orientation of 30
the apparatus, wherein insertion of the component
part is effected by said controller means pro-
grammed for movement through a predetermined
routine between said second location and the com-
ponent part opening of the apparatus. - 35
6. The work station for inserting a component part
into an apparatus according to claim § wherein the third
means for generating a third signal indicative of at least
the gross position of the apparatus with respect tothe Y
axis of the work envelope is an ultrasonic sensor means. 40
7. The work station for inserting a component part
Into an apparatus according to claim 5§ wherein the

controller for generating a second signal represen-
tative of the travel of said conveyance means
through the work envelope, said robot controller
being responsive to said second signal whereby the
travel of the automobile relative to the X axis 1s
monttored and movement of the industrial manipu-
lator along the X axis of the envelope i1s coordi-
nated;

ultrasonic sensor means for generating a third signal

indicative of at least the gross position of the auto-
mobile with respect to the Y axis of the work enve-
lope, said robot controller being responsive to said
third signal whereby the location of the automobile
with respect to the Y axis is monitored and posi-
tioning of the industrial manipulator along the Y
axis is coordinated;

ultrasonic sensor means for generating a fourth signal

indicative of at least the gross position of the auto-
mobile with respect to the Z axis of the work enve-
lope, said robot control being responsive to said
fourth signal wherein the location of the automo-
bile with respect to the Z axis is monitored and
positioning of the industrial manipulator along the
Z. axis 1s coordinated thereby;

vision system means including cameras operatively

associated with the end effector of said industrial
manipulator for accurately locating the windshield
opening for the insertion of the windshield there-
into, said fifth means generating a fifth signal; and

fourth means for generating a fourth signal indicative of computer means responsive to at least said second,

at least the gross position of the apparatus with respect
to the Z axis of the work envelope is an ultrasonic sen- 45
SOr means. | .

8. The work station for inserting a component part
into an apparatus according to claim 5 wherein the fifth
means operatively associated with the end effector of
the industrial manipulator for locating the windshield 50
opening of the apparatus comprises a vision system
including cameras.

9. A work station for inserting a windshield into the
windshield opening of an automobile which is disposed
In a somewhat random orientation on a conveyance 55
means for continuous transportation through one or
more work stations comprising:

an industrial manipulator means defining a work en-

velope through which the conveyance means
transports the automobile and within which enve- 60
lope said mndustrial manipulator is capable of move-
ment through coordinates defined by X, Y and Z
axes, satd industrial manipulator inciuding control-
ler means programmed for movement through a
predetermined routine for the retrieval and deliv- 65
ery of the windshield from a storage location to a
first predetermined location within the work enve-

third, fourth and fifth signals and programmed to
provide an input to said controlier means including
means for introducing real time incremental
changes thereto, wherein said controller means
effects the positioning of said industrial manipula-
tor from said first predetermined location within
the work envelope to a second location within the
work envelope, said second location being a prede-
termined position of said industrial manipulator
with respect to the automobile as a result of said
second, third, fourth and fifth signals and which
positions the acquired windshield in a predeter-
mined spaced relationship with respect to the
windshield opening regardless of the orientation of
the automobile, said predetermined relationship
being such that said industrial manipulator with the
acquired windshield is spaced in a non-contact
relationship with the windshield opening and the
automobile wherein insertion of the windshield 1s
effected by said controller means programmed for
movement through a predetermined routine be-
tween said second location and the windshield

opening of the automobile.
* *® % * ¥k
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